PASSIVE CROSSOVERS

sutio, Bafors wi procead any further into this subject, It Is important to distuss the dificulty n properly
desigring PRSSNE CTOSSUNrS.
The design and implementation ol passie orossovers s s much an art, a8 It is a science. Athough a
working knowledge of AC theary and computer measuring and modeling programe help; sxperance is Bs
much, i not more important.
Enpneers start their prossover dasigns by miasuring the frequancy respance, phase responce and
impadance of the speakers: They slan often use computer modeling programs that will Import this dats and
model the affects of different crossover components and circuits on the imported data.
Passive srossovers wil affect the spesker sysems power responce (on and off ads frequency responca]
impedance and phase. Pradicting these affects can often times be very difficult,
The use of “cockbook” typs passve crossovers by inexperienced indihviduals may lead o unsetisfactony slectrical
[vary extrema impedonce and/or peactance shattng down your amp] and audible [ewhl sounding) results.
The following information i presented ks & simple lesson and starting point in the basios of pssswe crossover
design, | describes the basic components and circult topalogies used in crossovsr design and their affects on
& speaker systam. Crossaver charts using "cookbook” component vsiues are siso included, but only as &
starung besis of crossover dasign
It i impartant o keep m mind that "cookbook” comporent values sre calouiatad using & resistor as the losd
Everything changes once we switch the load from o resistor to @ spesker. A spesker has & resctive impedanos
[changes with frequancy] where as & resistor only has DC ressstance {dues nnt change with frequency).

Pmmwmufdwmoﬂmsﬂmwdmmmmdsmhmwmw

PLEASE PROCEED WATH CALITION!

The Components
Wher describing the trossover types it s important to understand what effects capecitors and inductors have
&t audio frequencies. The Capacitor [C) is a devics in which the Cs P [XC) s with
decreasing frequency. This means that as the mmmns dowm the resstance to the signal goes up, giving
ug & high pass devien, The Inductor (L] i a device in which inductive Reactsnce [XL] increases with increasmg
» Thes mamns that as tha frequancy goes up the resistanos to the signal goes up, guving us a low pass
devica. What this means & they work together as frequency dependent attenuators. It is also snportant to note
that thesa devices have the ability to store epergy, thus alfecting phase as well Bs frequency. Resistors ere
gisp used in crossowers 10 “tune” certain capeaitor and inductor branches, or to sttenuate 8 complete netwark
of A passie crossover.

FILTER TYPES

1ST ORDER

g fret order crossover & ane that causes the anengy
Ammadmrmmlnﬂuadhpa'ummd High Pass low Pass
I ; the cut-off frequency, Thes type ususly has one T
component in esch of it's netwarke or Bwe companents in
a band poss retwork. These networks cause & +45
dagree phase shift in the high pass section and &-45
degres phase shift in tha low pass saction for & combined
S0 degrea phase shift st the cut off frequency. Thase
orossiver types are sasy to design and offer good phase

thare alinorrmalites will be heard, 18t order natworks are
also ertically dependant on thers listening axis due o the

broad overlap of the divers response, This ls important o
thers frequency responee In a car,




END ORDER

4 second oider crosstver & one that causes the
Aammmn‘ewwarmmlloﬂat 12 dB per octave

beyond the cut off freguency. Thlav.\puusuuw
combines a capsctor and inductor in the network. A series
rap and parallal inductor for hgh pass dnd & saries
inductor snd paraliel capackor for low pess. The tand pess
network will comibing the two networks resulting n four
oomponents. These networks cause & +80 phase
shift for the high pase and @ -90 degres phase shift for the
low pass. This results in 8 180 degres phasa shift at the
gut off frequency. This may cause the speakers (o be out
uf phase at the cot off frequency. Reversing one of the
epeakar lsads will result in the response baing back in
phase at e cut off frequency, but 180 degres out of
phase every whare El58 in the crossover regian.
Experimentation is yvahusble in these cases

High Pass
a1

3rd order crossoven s ona that

causes the energy to the driver 1o

. roll off st 18 dB per octave beyond
the cut, off frequency. These tpes combine 3
cormponents in-sares and parallesl and B
cormponents for bandpass. Unbke tha st
mnd 2nd order filters in which the cap and
Inductor rarmiin the sarme vahse for low pass
snd high pass; the Brd order changes vaiues
for & high pass and low pass &t the same
frequency. Thesa nebworks cause a +135
degree phase shift for the high pass and a -
135 degree phase shift for the low pess
This results in & 270 degree phase shilt at
the out off frequancy.

T RD

4th order crossover is one

that causes the enarmy to

, they driver to roll off at 24 dB
per potave beyond the out off
frecueancy, This type combmnes four
comporents n seres and parallel for
the high pass or low pass sectons

and sight. componernts for & band
pess network. Like tha 3rd arder
crossqen this type uses different
wobues for the high pass and low
jpass filers. Thess networks cause a
+1B0 degres phage shift for the high
jpass and-180 degree phase shift
for the low pess. This results in a
60 degree phase shift &t the out

off fraquency, This means that one

drivar m & complete weve length
hehind the other but in phasa.




RESPONSE AND IMPEDANCE
CORRECTIONS

Impedance Problems
For crossovers to function propecly they must deve o constant impadanca throughout the crossover band,
Drivers in there "resctive” nature possass amthing bt @ impadanca, b af e 88, volce

call motor and inductance, radical kmpedance changes are prevaient. By using special oircuits to cencel thess
impodanca varistions we can maintain & constant impedance for our crossovers to work with. Using these two
circuits will make this job sesier. Nate: You will need the speakers T/5 parameters for the folowing formules

Impedance Equalizers (Zobel)
By using this ircult the impedance rise of & speake can ba
“fattened”. Use thesa formulas to caloulats the values for & Ao c
Rc =128 xAs R
= Le/Rc2

Series Notch Filter

Buy using this circutt we oan dampen or elminate a drivars
resapanca effect on & crossover. This is oritical if the drivars
rasonanca (Fs) is-Iess than 2 octaves away from the out off
fraquency ol the crossovers.

C=0.1592/1Fe » Ges x F5]
L =[). 1592 (Qes x Re)/Fs
Ao = Au + [(es x Aal/Gms

Shaping Circuits
Bameatanes a speaker's frequency responess has inharent problems. We can use seversl types of circuits to
correct them. The following crcults sre designed to talor drver response by contouring o trapping certain
frequancies.

Contour Networks

Cantour networks usa & simple resstor and inductor or ressston
and capacitor circult to modify rising frequency response @ @
tandencies. Use circuit A when response s rising with moreasing
fraquency, Use circuit B when response s rising with decreasing

R R
frequeney. Lse the following formutas for both oirauits: —m— _m__
L ul

A C - 015816/ (freguenay at which responsa rise starts)
@ L =0.16916/f {requency ot which response riss starts]

Finding the valua for B & o comphoatad process which enteils measuring resctance at seversl frequencies:
and then using decibel formulas to caleulsts 7 for a given attanuation. Without giving you pages of algebra to
do this would be & difficult procedure. Using your ATA and your sars to tune R s much faster and essier. Llss
resistors betwean 4 to 20 Ohm for & starting point.

Trap or Notch Networks
Notoh cirouits use & resistor, indudtor 8nd & capacitor circuits to remove broad
peaks in & driver's frequency response. To Use this cirouit we st find f R
[freguency where peak exists], 11 (the 308 point lower than ] and 12 (the ~3d8
point highar than 1. Then use these formulss to late the induntor,
and resistor values:
G = 003008 /1 S
L =D002252/(2 £ C)
A= 1/828 %01 -12)




ATTENUATION CIRCUIT FOR
PASSIVE CROSSOVERS

*han- designing passive crossovers, thers will be times
when the deivers output iavels wil not acoustically match-
up. This may be dus to the efficiency differances in the

rivers; or the positioning of the drvers and the distance betwesn

tham &cts 8 an attenustor. By utilizing & L-Pad netwark, you can
electrically “pad” the output of & driver o that all of the levels match
up. Datarrmine the smount of attenustion needed and then ok up
the the resistor values to use on the following chart.

——

o e T a— | e o=
ey m Rz A1 Rz R1 Re

-3dB | O50@I0W 4. 70810W 1.20@15W  100@10W 24A0@15W  BOO@10W

-BdB 1 On@2Ew B.OO@15W 2. 00@25W 3.80@16W 3.90@25W B.20@15W

-8dB 1.3n@26W 1. 10@10W 2.70@25W 2208 10wW 5. 10@25W  4.30@10W
~12dB 1.60@35W  D.7080W J.oa@28wW  1.30610wW B.EN@2EW E708 10w
~16dB 1EQ@S0W 0508 10W Jan@s0W  OBne 0w BBO@50W  1.Ba@10W
-18d8 1.Ba@50W DAnWEN WEO@EOW  D.EREEW THEOBSOW. 1. 2O@EwW

* Note: Resistor power ratings are recommended values only. These values sre basad on an average 50
Watt input power and higher volues should be used when the input power is higher than SCWatts.

COIL MEASUREMENT AND
LINEARITY

Inductance, the kower the crossover frequency of the cod. Air colls remain linase (do not changs
o inductanca) st high power. All of our retings take into acoount ool linearity,
Saries and Parallel Coils

‘When coile are in series, ther values (mH) are added. Parallel coils crests a lesser value combinstion. Use
the following eguations to caloilsts the total nductance.

C ol valums ara messured in millibenvies (mi] which is the inductance of of & call. The greater the

Ly =L+ L+ L, Litpimiioi =

Parallel and Series Capacitors

There may bie ocoasions when the value [UF) of & capactor needed for a partioular crassover paint is not
ayndable. Capaaitors in Parallel add to equal the total of their values. Series capacitors creste o lesser vslue
combination. Use the following equitions to calculate the total capacitance

Citpusinety = G+ G+ 6 Gitirsos =—J~—I —

PR




APPLYING WHAT
LEAR

WE HAVE
NED

Pt s mportant to remember the infarmation above:

lsufﬂyﬂ"abﬂsu:s and & ralerance for passie

Y crossover design. Implamenting some of this
lhenw and "cookhook” component values should anly
be used as & starting paint. The following is a
simplfied method of spphing scma of the theory and
“oockbook” velues to noheve desicable resulks. Keep in
mind thet the best tooks for optimizng the results are
your ears snd an FTA

Start by determining the crossover poirts by studying
the drivers frequancy/phese response and
impedancea. |f the marufecturer can not, provide
these, the driver is probably not worth using!
Aemember that the alectrical response of your
natwork wall wark in conjunction with the drivers
natural roll aff, This masns that | your driver hes a
Bd8 per octave acoustioal roll off and you add & 12dB
per octaye slsotrical network to it this driver wil
exhait an 1BdB per octave acoustical rofl off
characteristic. Once you heve determined the network
you wish o usa, ook at the following "Cook Book”
crossover cherts far the starting values needed to
build the crossover Lising the parameters far the
drivers, caloulste the impedance circuts lor all the
speakers. Usually twesters and subwoofsrs are not
a8 suwupﬂ:la o impedance probiems. Twesters will
tend to have & shalaw voice coll inductance rise and
subwoofers are Bypically never used in the region
where risas in impedanpce are critical, Leng shapad
cirouss, equaize any problems thet the drivers may
have in their frequency response,

Ramember that 1st order networks are not shyvays
the best choice. If you do choose to use tham make
sure the driver has & smaoth natural roll off. st
ordar networks also exhibit directional power response
oharactaristics and can be “beamy” ot certain
frequencies. This can be used to help with imaging, or
it can destroy it as well, Always use the best
capacikors you canll Polypropylene or mgar fim ceps
ars best for audio frequencies. Cois should be chosan
socording to their application. fron coils feature very
lenww OCH s [series resistance] but cen saturate and
distort with high current contitions, Ar core coils
hiwe higher DCH's but do not ssturate as quickly with
high current condtions, When using resistars make
SR YOu use large enough power ratings o withstand
ths curvent. of your smp, if you use 25Wat resistors
you_ usually will be safe

It 8 important to remamber that drivers do. not sot
83 gonstant resistive loads. This causes & lot of
protisms in crossover design. Acoustic Engineers use
Exotic alactro-acoustic programs and sophisticated
mEasurermant to o These
mmmnmtehmmwnpmm[mursalmur
math). Days of optimizing and listening tests can
oocur for & single two way crossover design. Keep in
mind thet "Cockbiook” crossover charts are used with
resste loads Drivers are not resistive loads! The
following filter charts sil exhibit. Butterworth (flat with
(=0.7] type responses. Hemember to use the right
steps and ot your ears do the final tuning. Practice
makes perfect,




PASSIVE CROSSOVER CHART

2 OHM LOAD

648 6dB 12d8 1248 18d8 1BdB 1848 18dB 1848 1848
Freq. Coll  Cap cdi  Cap LP Coil LPCap LP Coil  HP Cap HP Coil HP Cap
Ha | (mHl R fmHf (A ImH) IR [mH] [BF) - (mHl 1)
50 64 1592 80 1125 985 B117 a2 82 48 3178
&0 53 |1328 75 4938 Bo 1784 27 8e85 40 2648
70 46 |13y B4  BD4 Ba 1512 23 758 34 2270
80 40 985 58 703 B0 1323 20 B64 a0 1286
as 8.7 836 53 @82 56 1245 1.8 B25 28 1870
a0 3.6 BE4 50 €25 53 1178 1B 580 27 1788
as 3.4 838 a7 582 50 1114 1.7 558 85 1673
100 ag 798 4.5 563 a8 1058 1.6 531 24 1588
120 27 882 37 488 40 882 13 4ap 20 1324
12s 2.5 | 637 3.6 450 ag a7 1.4 425 1.8 127
150 21 531 30 37 asg 708 1.1 354 16 1088
170 18 488 27 33 28 B3 10 312 1.4 935
200 16 388 23 a2 24 528 g 265 1.2 795
285 14 354 20 250 21 470 7 238 1.1 706
250 13 318 18 285 189 423 8 212 1.0 636
2715 1.8 S 18 205 1.7 38s B 183 8 578
300 1.7 265 15 188 1.6 353 5 3 B 530
4aoo g 188 B 141 1.2 285 4 133 2} ag7
500 7 168 g 113 85 22 3 108 5 318
800 8 133 B g4 8 178 3 89 4 285
800 4 EE) B 70 B 132 2 B6 3 188
1000 < 8O 5 £6 5 108 2 53 3 159
1500 A 53 3 a8 3 70 1 as 2 108
2000 2 40 2 28 3 53 o8 a7z A 80
2500 1 3z 2 23 2 42 08 21 1 64
3000 1 27 2 8 2 35 a5 18 o8 53
3500 1 23 1 18 1 a0 a5 15 o7 45
4000 o8 20 1 14 1 a7 04 13 08 40
as00 oz 1B 1 13 1 24 04 12 s as
5000 08 1B 08 11 1 21 03 1" 05 3z
5500 ;] B og 10 o4 186 o3 8.7 04 23
600D a5 13 o8 2.4 o8 18 a3 88 04 27
6500 o5 18 o7 B8 a7 15 o g2 04 24
7000 o5 1M O 8 oy 15 02 708 o3 23
8000 04 8.9 08 7 DB 13 o2 B.6 o3 20
2000 o4 a8 o5 B3 o5 12 a2 54 o3 18
10000 o3 ] 05 5.8 05 1" og 54 e 18




PASSIVE CROSSOVER CHART

24dB/OCTAVE, 2 OHM

HIGH PASS LOWPASS
Freq. Cap Coil Cap Cail Coil Cap Cail Cap
[Hz) {uH) [mH) [H! ImH) [rmH] (1] [mH) (]
100 B2 20 745 8.0 5.0 1254 a5 305
125 416 1.5 588 7.0 4.0 1003 2.8 244
150 347 13 480 55 ao B3E 23 203
175 287 1.3 420 4.5 2.8 717 20 174
200 260 1.0 368 40 258 BEY 1.8 182
250 208 (ak:} 284 a5 20 502 1:5 1E8
300 173 az 245 28 1.8 418 1.0 108
350 149 0.8 210 25 1.5 a58 1.0 a7
400 130 05 184 20 1.3 314 0.9 76
500 104 04 147 1.7 1.0 251 o7 B1
&00 a7 0a 123 1.5 08 208 08 851
700 74 03 R[e] 1.8 07 179 08 a4
800 65 03 a2 10 08 157 o4 a8
1000 52 0.2 74 0.8 08 125 04 30
1500 35 0z 44 05 03 B4 o3 20
2000 28 a1 a7 x4 o3 B3 oz 15
2500 21 006 28 04 a2 80 o2 12
3000 K 0as 25 03 [ak-] a2 o1 10
3500 156 oos 21 o3 [a%-] 36 a1 B.7
4000 13 oos 18 (3 %) (al] an o1 75
as00 1" 0.04 18 [s%-] 0.4 28 0.07 687
S000 10 0.0a 15 0AE oy 25 005 BO
6000 BB 003 12 014 n.oa 21 o.0s 50




PASSIVE CROSSOVER CHART

4 OHM LOAD

6dB  BdB 12d8 12d8 1848 18dB 18dB 18d8 18dB 1848

Freq. Coil  Cap Coil  Cap LP Coil LP Cap LP Coil  HP Cap HP Coll HP Cap
(Hz) imHl | [pF) (mHl (R [k [pF) [mH] [WF} [miH) (41
50 128 796 180 563 191 1088 64 531 96 1588
&0 106 @ ©E3 1650 488 158 BE2 5.9 442 BO 1324
70 80 688 128 402 1896 756 45 a7s B8 136
80 BO 497 1.8 352 180  B62 a0 331 B.0 893
85 75 468 108 331 1.2 @23 a8 aiz 58 235
80 72 442 100 319 106 588 a8 295 53 883
a5 67 418 B5 208 100 557 34 278 50 836
100 6.4 ags ag 2 86 523 ae 266 4.8 795
120 53 a3 7.6 234 BO 441 27 221 40 682
125 5.1 bed1:] 7.2 205 78 423 BB 212 38 B36
150 48 285 60 188 64 @83 a1 177 32 530
170 a7 | 234 53 185 56 a1 1.9 158 28 487
200 ag 189 45 14 48  2B5 1.6 133 24 aa8
25 28 177 40 125 42 234 14 118 21 853
250 25 158 38 118 38 212 1.3 108 1.8 a8
275 23 145 ag 108 a5 182 12 a7 1.7 28g
300 21 133 a0 924 a2 178 1.4 83 16 265
400 1.6 ag 23 70 2.4 133 B 66 1.2 189
500 1.3 8o 1.8 56 1.8 106 7 53 1.0 154
E00 1.4 BB 1.8 47 1.8 88 L) 44 8 1aa
800 8 50 1.2 35 1.2 [ a a3 (5} ag
1000 7 a0 g 28 1.0 53 a ar i 80
1500 4 27 8 19 7 35 2 18 3 58
2000 a 20 ] 14 5 27 2 13 2 40
2500 3 18 4 1" a a1 2 11 K-] 32
3000 a 13 3 a4 a 1| 1 8.8 2 a7
3500 a 1 3 8 a 15 iy 7.8 1 23
4000 a a8 2 7 g 13 o8 66 A 20
4500 1 {:K:] 2 B3 a 12 o7 5.9 A 18
5000 1 80 a 58 a 11 0B 53 i 18
5500 1 7.2 2 8.1 2 a6 la ] a8 og 14
6000 1 BB -4 a7 g 8.8 .05 4.4 08 13
6500 1 81 1 4.3 2 8.1 05 4.1 o7 12
7000 08 58 1 4 1 7.8 05 as far] 1"
8000 s ;| 5 1 35 1 6.6 04 a3 08 a8
8000 o7 4.4 1 3.1 1 58 04 28 05 Ba
10000 08 4 .04 28 1 6.3 od 2.7 05 B

a
o



PASSIVE CROSSOVER CHART

HIGH PASS LowpAss
Freq. Cap Coil Cap Cail Cail Cap Coil Cap
[Hz) [uH) [mH] [peH) [mH] [mH) luH) [mH) (uH)
100 280 a0 Ba7 168 a.75 G627 7.0 152
125 208 3.2 284 133 7.8 501 5.5 122
150 173 2.7 245 11 B8 418 4.5 101
175 148 23 210 55 BB as8 4.0 a7
200 130 20 184 aa 449 a4 3.6 78
250 104 16 147 6.8 aa 251 28 61
300 B7 1.3 122 55 33 210 2.3 50
350 74 1.2 108 a7 28 180 20 a4
400 B5 10 ag 4.2 25 157 e a8
500 52 (eX: ] 74 33 20 128 14 a0
600 43 o7 B1 2.8 1.8 108 1.2 25
700 a7 0.6 53 24 1.4 Ba 04 22
Boo 33 ek:] 468 20 1.8 78 (ek:} 19
1000 26 0.4 a7 1.7 1a B3 Q.7 15
1500 s 0.3 25 11 az 42 a5 10
2000 13 02 18 o8 05 a 04 B
2500 10 0.2 15 o7 04 25 03 &
3000 a 01 12 05 03 2 o2 5
3500 7 o1 1" 0.4 03 8 o2 4
4000 [} 01 a8 0.4 o2 16 o2 4
4500 B 0.1 B 0.4 0z 14 02 a
5000 -1 0.1 x 03 o= 13 01 a
6000 4 (] B o3 0.2 11 0.1 2




PASSIVE CROSSOVER CHART

24d CTAVE, 8 OHM LOAD
HIGH PASS LOWPASS
Freq. Cap Coil Cap Coil Cail Cap Cail Cap
e | G mH e mH) mH GH) mHL (]
100 130 a0 184 a3 185 313 14 768
125 104 8.5 147 e7 15,6 P51 11 B
150 a7 8.9 123 a2 18 208 ag 51
175 75 45 105 18 1 178 8 44
200 &5 a0 a2 16.6 8.7 157 68 68
250 52 3.2 74 13.0 7.8 125 85 a0
aoo 43 27 81 ™" 6.5 104 46 25
aso a7 243 183 a5 4] 80 38 22
400 a3 20 48 83 4.9 78 3.5 18
500 2B 1.6 az 6.6 5.9 B3 28 18
GO0 22 14 a0 5.5 33 52 23 13
700 18 1.8 26 4.8 2.8 a5 2.0 1"
BOOD 16 1.0 23 4.2 24 40 1.7 2]
1000 13 08 18 a3 2.0 a2 1.4 7.6
1500 L o8 12 2.2 1.3 21 0.4 a
2000 7 04 a 1.8 10 16 o7 4
2500 B o3 7 18 0B 13 0.5 3
3000 4 o3 1 1 o7 10 05 a
ason 4 o2 5 o8 (051 8 04 2
4000 a3 oz 4 o8 05 B 035 2
4500 3 oz 4 oz 04 7 0.3 2
S000 =3 o2 a (ak:] D4 B 03 1
B0DD 2 0.1 3 0.5 033 5 825 1




